O6-ethylguanine carcinogenic lesions in DNA: an NMR study of O6etG.C pairing in dodecanucleotide duplexes.
The pairing of O6etG with C located four base pairs in from either end of the self-complementary d(C1-G2-C3-O6etG4-A5-G6-C7-T8-C9-G10-C11-G12) duplex (designated O6etG.C 12-mer) has been investigated from an analysis of proton and phosphorus two-dimensional NMR experiments. The structural consequences of increasing the alkyl group size were elucidated from a comparative study of the pairing of O6meG4 with C9 in a related sequence (designated O6meG.C 12-mer). The NMR parameters for both O6alkG-containing dodecanucleotides are also compared with those of the control sequence containing G4.C9 base pairs (designated G.C 12-mer). The NOE cross-peaks detected in the two-dimensional NOESY spectra of the O6alkG.C 12-mer duplexes in H2O solution establish that the O6etG4/O6meG4 and C9 bases at the lesion site stack into the helix between the flanking C3.G10 and A5.T8 Watson-Crick base pairs. The amino protons of C9 at the O6alkG4-C9 lesion site resonate as an average resonance at 7.78 and 7.63 ppm in the O6etG.C 12-mer and O6meG.C 12-mer duplexes, respectively. The observed NOEs between the amino protons of C9 and the CH3 protons of O6alkG4 establish a syn orientation of the O6-alkyl group with respect to the N1 of alkylated guanine. A wobble alignment of the O6alkG4.C9 base pair stablized by two hydrogen bonds, one between the amino group of C9 and N1 of O6alkG and the other between the amino group of O6alkG and N3 of C9, is tentatively proposed on the basis of the NOEs between the amino protons of C9 at the lesion site and the imino protons of flanking Watson-Crick base pairs. The proton and phosphorus chemical shift differences between the O6etG.C 12-mer and O6meG.C 12-mer duplexes are small compared to the differences between these O6alkG-containing duplexes and the control G.C 12-mer duplex.